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(57) ABSTRACT 

Exemplary apparatus and process can be provided for imag 
ing information associated With at least one portion of a 
sample. For example, (i) at least tWo ?rst different Wave 
lengths of at least one ?rst electro-magnetic radiation can be 
provided Within a ?rst Wavelength range provided on the 
portion of the sample so as to determine at least one ?rst 
transverse location of the portion, and (ii) at least tWo second 
different Wavelengths of at least one second electro-mag 
netic radiation are provided Within a second Wavelength 
range provided on the portion so as to determine at least one 
second transverse location of the portion. The ?rst and 
second ranges can east partially overlap on the portion. 
Further, a relative phase between at least one third electro 
magnetic radiation electro-magnetic radiation being 
returned from the sample and at least one fourth electro 
magnetic radiation returned from a reference can be 
obtained to determine a relative depth location of the por 
tion. First information of the portion based on the ?rst 
transverse location and the relative depth location, and 
second information of the portion based on the second 
transverse location and the relative depth location can be 
obtained. The imaging information may include the ?rst and 
second information. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 9 
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Figure 10 
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Figure 1 1 
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APPARATUS AND METHOD FOR OBTAINING 
AND PROVIDING IMAGING INFORMATION 

ASSOCIATED WITH AT LEAST ONE PORTION OF 
A SAMPLE, AND EFFECTING SUCH PORTION(S) 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The present invention claims priority from US. 
Patent Application Ser. No. 60/862,205 ?led on Oct. 19, 
2006, the entire disclosure of Which incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally apparatus 
and method for providing imaging information associated 
With at least one portion of a sample, obtaining diagnostic 
information for a sample and/or modifying at least one 
property of at least one portion of the sample. 

BACKGROUND INFORMATION 

[0003] A concept of microendoscopy has been described 
for minimally invasive therapy in medicine. Small siZes of 
these devices can reduce anesthesia requirements and mini 
miZe tissue damage, opening up the possibility of safer 
intervention. Ultraminiature endoscopes may also give rise 
to neW procedures, permitting diagnosis and microsurgery in 
previously inaccessible areas of the body. Previously, hoW 
ever, a Widespread adoption of microendoscopy may be 
hampered by the poor image quality of current devices and 
the overall siZe of the endoscope and its associated micro 
surgical instrumentation. One of the objects of the present 
invention is to provide a neW form of microendoscopically 
guided therapy that overcomes these limitations. 

[0004] Operative fetoscopy. Endoscopically-guided fetal 
surgery is one of the applications of microendoscopyf"5 
Indications for intervention can include congenital diaphrag 
matic hernia, loWer urinary tract obstruction, sacrococcygeal 
teratonsia, and thoracic space occupying lesions, among 
others. ’ Placental surgery, notably laser coagulation of ves 
sels on the chorionic plate, has gained signi?cant attention 
for the treatment of tWin-tWin transfusion syndrome 

7'13 

(TTTS). 
[0005] The use of these techniques can result in live, 
healthy births in cases that Would otherWise result in in utero 
fetal demise (IUFD). 

[0006] TWin-tWin transfusion syndrome. TTTS is consid 
ered a complication of monochorionic pregnancies Where 
blood is preferentially shunted through placental arterio 
venous (A-V) anastomoses toWards one tWin and aWay from 
the other. In severe TTTS, the donor tWin becomes hypov 
olemic, resulting in oligohydramnios and oliguria.2 The 
recipient tWin conversely becomes hemodynamically over 
loaded, With subsequent polyhydramnios and polyur‘ia.2 
Severe TTTS can occur in 15% of monochrorionic preg 
nancies, at a rate of approximately 3000/year in the United 
States.2 When left untreated, organ and cardiac failure ensue, 
resulting in mortality rates ranging from 80-90%, With 
signi?cant neurological defects in surviving tWins.2’l4 

[0007] Laser coagulation for treatment of TTTS. Avariety 
of treatments for TTTS have been investigated, including 
serial amnioreduction, septostomy, and fetoscopically 
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guided laser coagulation of placental A-V anastomoses.2'4’l5 
Studies have shoWn that laser coagulation of communicating 
vessels appears to be the most promising of these tech 
niques.3’l5 Laser coagulation therapy of TTTS can use a 
microendoscope, containing an instrumentation port, Which 
is inserted through a cannula into the amnionic cavity. 
Generally, the amniotic ?uid is replaced With Warmed, 
sterile normal saline or Hartmann’s solution to facilitate 
visualiZation. Placental A-V anastomoses may be identi?ed 
using the fetoscope by their characteristic anatomy, Which 
can comprises an artery from one tWin and a vein from the 
other, diving through a common foramen in the chorionic 
plate (as shoWn in FIG. 1A).16 A 100-400 um optical ?ber 
is then inserted into the accessory port. The anastomotic 
vessels are coagulated using 0.1 sec pulses of 40-100W light 
provided by a diode or Nd:YAG laser (1064 nm) delivered 
through the optical ?ber (see FIG. 1B).1 Multiple trials have 
shoWn that fetal survival is signi?cantly improved When the 
laser coagulation is conducted prior to 26 Weeks gestation, 
With an overall survival rate ranging from 55-72%.2’3’7 

[0008] Potential Issues With laser coagulation. While over 
all survival is signi?cantly improved With laser coagulation, 
acute fetal loss due to an iatrogenic preterm premature 
rupture of membranes (iPPROM) can occur in greater than 
about 10% of casesfl’lz’l7 This dif?culty can be referred to 
as the “Achilles heel” of fetoscopic surgery.l’4’5 One of the 
primary factors implicated in this high rate of fatal compli 
cations is the siZe of currently available fetoscopically 
guided surgical instrumentationl’4’5 Conventional feto 
scopes may have a diameter of 2.0 mm (see Karl StorZ 
model 11630) and With the optical ?ber for therapy, gener 
ally uses a 3.3 mm trocar for insertion into the amniotic sac.3 
In comparison, 22-gauge amniocentesis needles (~0.71 mm 
outer diameter) are generally associated With an iPPROM 
and fetal loss rate of <1%.18'21 The siZe of current instru 
mentation should be signi?cantly reduced to avoid the 
unacceptably high complication rates associated With the use 
of current fetoscopy technology.l’4’5 

[0009] Other than iPPROM, improvements in identifying 
culprit vessels can decrease the number of adverse perinatal 
outcomes folloWing therapy. Recent studies have shoWn that 
in many laser coagulation cases With neonatal hematologic 
complications, recurrent TTTS, IUFD, and adverse neuro 
logical outcomes, culprit vessels Were not identi?ed feto 
scopically, and the coagulation of communicating vessels 
Was incomplete.22'25 The use of complementary procedures 
for visualiZing blood ?oW, such as Doppler ultrasound,26’28 
has recently been proposed to increase knowledge of the 
pathophysiology of TTTS and potentially provide additional 
diagnostic parameters to guide the therapeutic procedure. 
Additionally, development of further fetoscope technology 
can be bene?cial to provide higher quality images and neW 
diagnostic information. Progress in these areas Will undoubt 
edly increase the probability of identifying more communi 
cating vessels, Which in turn Would likely increase the 
ef?cacy of laser coagulation therapy. 

[0010] Microendoscope technology. Fetoscopes can be 
constructed from ?ber-optic imaging bundles, Which trans 
mit tWo-dimensional images from the amnionic cavity to the 
physician.l'3’5 Maintaining a good image quality With small 
diameter bundles is challenging; each optical ?ber including 
its cladding has a ?nite diameter and only a limited number 
of optical ?bers can be packed into a con?ned space. 
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Small-diameter ?ber bundles therefore provide images With 
a relatively loW number of pixels. Single-mode ?ber 
bundles, containing ultrathin ?bers, have the highest ?ber 
density. HoWever these bundles are quite rigid and tend to 
have relatively loW light throughput due to the cladding 
required on the optical ?bers. Because the cladding does not 
transmit image data, pixelation artifact is also a problem, 
likely resulting in a honeycomb pattern superimposed on the 
image. The limitations of ?ber bundles for miniature endo 
scopic imaging have motivated the search for other methods. 
Image formation With a single optical ?ber is particularly 
attractive since single optical ?bers are ?exible and have 
excellent light transmission. There has been an attempt to 
rapidly scan light 11951311 a single ?ber or the entire ?ber itself 
to obtain an image. While images devoid of pixelation 
artifacts, have been obtained using these techniques, the siZe 
of the scanning mechanisms can prohibit their use in the 
smallest endoscopes. 

[0011] Spectrally-encoded endoscopy. Another exemplary 
procedure has been developed for microendoscopy, Which 
can be identi?ed as spectrally-encoded endoscopy (SEE).32 
SEE can likely overcome the limitations of prior ?ber 
bundle fetoscopes for safer and more effective TTTS laser 
coagulation therapy. With SEE, e.g., a broadband light 
emanating from a ?ber 200 can be separated into different 
colors (e.g., Wavelengths) 210 using a lens/grating pair 220 
at the distal end of the probe (as shoWn in FIG. 2). This 
exemplary optical con?guration can focus each color onto a 
different location on the tissue, as illustrated in FIG. 2. 
Re?ected light, returned back through the optics and ?ber, 
can then be decoded outside of the body, using a spectrom 
eter, to form one line of the endoscopic image. Such 
“fast-axis” of image acquisition can be performed remotely 
from the probe at rates ranging from 10-30 kHZ. A tWo 
dimensional image may be formed by moving the ?ber using 
Well-established mechanical devices, such as a motor or 
galvanometer that also reside outside the body.33 Such 
second, “sloW-axis” of scanning can be performed at a 30 HZ 
video rate. Since a high-speed scanning mechanism is not 
needed inside the endoscope, the diameter of the SEE probe 
can be as small as that of the optical ?ber, Which can 
typically be siZed in the range of 80-250 um. Furthermore, 
the number of pixels in an SEE image can be larger than that 
of ?ber bundles, dependent on the spectral Width of the light 
source and the ability of the probe to separate out the 
different Wavelength components. 

[0012] Spectral encoding is not only provided for a tWo 
dimensional endoscopy. For example, When the grating and 
lens are placed in one arm of an optical interferometer, such 
procedure can also provide depth information. Three-dimen 
sional imaging can be obtained using spectral encoding With 
a variety of interferometric techniques, including. e.g., 
speckle 132111611314 35subtraction and time-domain heterodyne 
interferometry. ’ 

OBJECTS AND SUMMARY OF EXEMPLARY 
EMBODIMENTS 

[0013] One of the objects of the present invention is to 
provide an ultraminiature (e.g., 350 um diameter) endo 
scopic imaging apparatus/device/arrangement/system With 
integrated laser therapy capabilities for microsurgical appli 
cations inside the body, e.g., for safe and effective treatment 
of tWin-tWin transfusion syndrome (TTTS). It is possible to 
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overcome the limitations and de?ciencies of the current 
TTTS therapy devices by providing a much smaller micro 
surgical endoscope that provides more informative images 
With a better image quality. This exemplary enhancement 
includes spectrally encoded endoscopy (SEE) concepts that 
use Wavelength division multiplexing to obtain high-reso 
lution images through a single optical ?ber. The exemplary 
SEE system and probe can be provided for color differen 
tiation of arterial and venous placental vessels and can add 
Doppler imaging to quantify blood ?oW. Additionally, it is 
possible to incorporate therapeutic laser delivery through the 
same probe Without increasing its siZe. exemplary total 
diameter of the exemplary apparatus/device/system/arrange 
ment can be, e.g., 350 um, small enough to be introduced 
into the amniotic cavity through an amniocentesis needle 
(e.g., 22-gauge), Which can provide, e.g., a 10-fold reduction 
in complication rate. 

[0014] Simultaneous imaging With more than one Wave 
length band can provide color information from the sample. 
One such exemplary embodiment of apparatus and method 
to achieve such exemplary result may include a coupling of 
visible (V IS) and near-infrared (NIR) light into the SEE 
?ber. If Wavelengths are chosen correctly, for example 1064 
and 532 nm, then the Wavelength regions can overlap one 
another by dilfracting at different orders. In another exem 
plary embodiment, the Wavelengths may be selected such 
that the absorption properties of the sample can facilitate the 
differentiation and quanti?cation of compounds Within the 
sample, such as di?cerentiation of arterial from venous blood 
by measuring differences in oxy- and deoxy-hemoglobin 
absorption. In yet another exemplary embodiment, the SEE 
probe may be situated in an interferometer, and a spectral 
interferometric phase may be detected and analyZed to 
provide information on blood How and other motions of the 
sample. In another exemplary embodiment, the SEE probe 
may be con?gured by use of a specialty ?ber or at least one 
?ber adjacent to the imaging ?ber to deliver therapeutic light 
to the sample to effect therapy. In yet another exemplary 
embodiment, the delivery of therapy light may be conducted 
in parallel With an imaging procedure. 

[0015] In still another exemplary embodiment, a small 
(e.g., 350 pm or other such diameter <2.0 mm) diameter SEE 
probe can utiliZe a dual-clad ?ber; and the imaging light may 
be transmitted via a single-mode core. The therapy proce 
dure can be performed via the innermost cladding. For 
example, a 1500 lines/mm grating can be used to provide 
tWo-dimensional imaging With greater than 90,000 pixels. 

[0016] According to still another exemplary embodiment, 
the SEE-guided therapy probe can be con?gured to effect 
coagulation of blood vessels such as those of the placenta. 
In yet another exemplary embodiment, the SEE-guided 
therapy probe can be provided such that its diameter does 
not cause undue damage to the amniotic membranes or the 
uterus, so to facilitate a safe therapy and place the fetus and 
mother at minimal risk. According to a further exemplary 
embodiment, the siZe of the SEE probe can be suf?ciently 
small to ?t Within a narroW gauge needle, for example With 
a gauge of 18-25 Ga. In a still further exemplary embodi 
ment, the needle can be an amniocentesis needle. 

[0017] Accordingly, With at least the above-described 
exemplary embodiments, a SEE-guided placental vascular 
coagulation procedure can be important for a care treatment 
for TTTS. 
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[0018] Further, according to yet another exemplary 
embodiment of the present invention, an ultraminiature 
endoscope With an integrated laser therapy system can be 
provided. One exemplary application of such device can 
include but not limited to, e.g., a treatment of tWin-tWin 
transfusion syndrome (TTTS), a serious complication of 
monochorionic tWin pregnancies that occurs at a rate of 
3000/year in the United States. In TTTS, communicating 
placental vessels shunt blood from one tWin to the other, 
resulting in a very high fetal mortality rate and signi?cant 
morbidity for survivors. Complete laser coagulation of the 
anastomotic vessels in utero can be an effective therapy for 
this disease. Prior operative fetoscopes are generally too 
large (e.g., 2-3 mm diameter), Which can cause undue 
membrane damage When introduced into the amniotic cav 
ity. Consequently, a placental laser therapy can be associated 
With unacceptable rates (10%) of iatrogenic preterm prema 
ture rupture of membranes (iPPROM) and in utero fetal 
demise (IUFD). The poor image quality of today’s feto 
scopes is also of concern, as incomplete coagulation due to 
missed anastomoses can lead to adverse perinatal outcomes 
folloWing the laser therapy. 

[0019] The exemplary embodiments of the present inven 
tion can overcome the de?ciencies of the prior TTTS laser 
coagulation devices by being signi?cantly smaller and by 
facilitating further options for identifying communicating 
vessels. This can be done using, e.g., spectrally encoded 
endoscopy (SEE) procedures and systems. SEE procedures 
and systems can use Wavelength-division multiplexing to 
obtain high-resolution tWo- and three-dimensional endo 
scopic images through a single optical ?ber. High-resolu 
tion, 3D video-rate imaging in vivo using a 350 um diam 
eter, monochromatic version of the SEE probe can be 
achieved With such procedures and systems. According to 
still other exemplary embodiments of the present invention, 
it is possible to obtain color imaging, and the exemplary 
device may provide a measurement blood ?oW. In yet 
another embodiment of the present invention, a therapeutic 
laser light may be coupled through the same ?ber so that 
imaging and intervention can be accomplished concurrently 
Without increasing the endoscope diameter. 

[0020] For example, the siZe of the exemplary device can 
be, e.g., about 350 um, so as to alloW this device to be 
inserted into the amniotic cavity through a 22-gauge amnio 
centesis needle, Which should loWer the complication rates 
of placental laser therapy by an order of magnitude. Such 
exemplary embodiment of the device may facilitate a use 
thereof in other procedures Where small siZe and highly 
capable image guided intervention can decrease complica 
tion rates and improve patient care. 

[0021] According to a further exemplary embodiment of 
the present invention, the SEE procedures and apparatus can 
be utiliZed as folloWs. In particular, it is possible to provide 
a multifunctional SEE system and probe for discriminating 
arteries from veins. By incorporating high quality tWo- and 
three-dimensional imaging, e.g., color information and Dop 
pler blood ?oW mapping, this exemplary device/system/ 
arrangement/apparatus can be used to identify A-V anasto 
moses. Further, it is possible to transmit high poWer 
Nd:YAG laser light through the SEE probe to enable image 
guided vessel photocoagulation Without increasing the 
probe’s siZe. Taken together, these exemplary features can 
facilitate the TTTS management to be enhanced by provid 
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ing an endoscopic therapy system and apparatus With 
enhanced capabilities that can be inserted through an amnio 
centesis needle. This exemplary enhancement can make 
laser coagulation therapy for TTTS safer and more effective. 
In addition to a treatment of TTTS, this exemplary device/ 
apparatus can be used for an endoscopically-guided therapy 
in other areas of the body that have previously been di?icult 
to access. 

[0022] In a further exemplary embodiment according to 
the present invention, the apparatus can be utiliZed to effect 
therapy for other applications. For example, if the therapy 
laser is designed to provide maximum absorption for Water 
(e.g., around Water absorption peaks at approximately 1500 
nm, 1800 nm, 3000 nm, etc.), other therapy may be a?cected, 
such as tissue coagulation, ablation, etc. In addition or 
alternatively, according to another exemplary embodiment 
of the present invention, if an eximer laser or CO2 laser is 
utiliZed in conjunction With the exemplary apparatus, such 
exemplary combination may be used for resurfacing or a 
super?cial ablation. 

[0023] Further, to address some of the objects of the 
present invention and/or de?ciency With the conventional 
procedures and devices described herein, another exemplary 
embodiment of the apparatus according to the present inven 
tion can be provided. In particular, such exemplary appara 
tus . . . . 

[0024] According to further exemplary embodiments of 
the present invention, apparatus and process can be provided 
for imaging information associated With at least one portion 
of a sample. For example, (i) at least tWo ?rst different 
wavelengths of at least one ?rst electro-magnetic radiation 
can be provided Within a ?rst Wavelength range provided on 
the portion of the sample so as to determine at least one ?rst 
transverse location of the portion, and (ii) at least tWo second 
different wavelengths of at least one second electro-mag 
netic radiation are provided Within a second Wavelength 
range provided on the portion so as to determine at least one 
second transverse location of the portion. The ?rst and 
second ranges can east partially overlap on the portion. 
Further, a relative phase betWeen at least one third electro 
magnetic radiation electro-magnetic radiation being 
returned from the sample and at least one fourth electro 
magnetic radiation returned from a reference can be 
obtained to determine a relative depth location of the por 
tion. First information of the portion based on the ?rst 
transverse location and the relative depth location, and 
second information of the portion based on the second 
transverse location and the relative depth location can be 
obtained. The imaging information may include the ?rst and 
second information. 

[0025] In addition, further information can be generated 
for the portion by combining the ?rst and second informa 
tion. At least tWo third different wavelengths of at least one 
?fth electro-magnetic radiation can be provided Within a 
third Wavelength range on the portion of the sample so as to 
determine at least one third transverse location of the portion 
Further, third information of the portion can be provided 
based on the third transverse location and the relative depth 
location, Wherein the imaging information includes the third 
information. The ?rst information can be associated With a 
red Wavelength range, the second information may be asso 
ciated With a green Wavelength range, and the third infor 
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mation can be associated With a blue Wavelength range. The 
imaging information can be three-dimensional information. 

[0026] According to a stiff further exemplary embodiment 
of the present invention, apparatus and process can provide 
imaging information associated With at least one portion of 
the sample. For example, at least one Wavelength of at least 
one particular electro-magnetic radiation can be provided on 
the portion of the sample so as to determine at least one 
transverse location of the portion. In addition, obtain a 
relative phase can be obtained betWeen at least one ?rst 
electro-magnetic radiation electro-magnetic radiation being 
returned from a sample and at least one second electro 
magnetic radiation returned from a reference to determine a 
motion of the portion or of particles Within or on the portion. 
The information of the portion can be provided based on the 
transverse location and the motion. A relative depth location 
of the portion can be determined, and the information may 
be provided as a further function of the relative depth 
location. 

[0027] In yet another exemplary embodiment of the 
present invention, an apparatus for obtaining diagnostic 
information for a structure and modifying at least one 
property of at least one portion of the structure can be 
provided. For example, the apparatus can include a ?ber 
con?gured to provide there through the electro-magnetic 
radiation. At least one ?rst Waveguiding portion of the ?ber 
can be con?gured to provide a ?rst electro-magnetic radia 
tion to the portion so as to obtain the information, and at 
least one second Waveguiding portion of the ?ber may be 
con?gured to provide a second electro-magnetic radiation to 
the portion so as to modify at the property. 

[0028] The apparatus can further include a dispersive 
arrangement con?gured to receive the ?rst and second 
electro-magnetic radiations. A Wavelength of the ?rst elec 
tro-magnetic radiation and/or the second electro-magnetic 
radiation can be a multiple of a Wavelength of another one 
of the ?rst electro-magnetic radiation or the second electro 
magnetic radiation. The ?rst electro-magnetic radiation and 
the second electro-magnetic radiation can at least partially 
overlap on the portion. The property may include blood. A 
Wavelength of the second electro-magnetic radiation can 
overlaps With one or more certain Wavelengths Where an 
absorption of the radiation is effective for changing the 
property. Such certain Wavelengths can include a multiple of 
about 532 nm. 

[0029] According to yet another exemplary embodiment 
of the present invention, an apparatus can be provided for 
obtaining information for a structure. The apparatus can 
include a dispersive arrangement con?gured to receive a 
plurality of electro-magnetic radiations and forWard a dis 
persed radiation of each of the electro-magnetic radiations to 
at least one portion of the structure and at least partially 
overlap the portion. One of the electro-magnetic radiations 
can have a Wavelength in a ?rst range, and another one of the 
electro-magnetic radiations may have a Wavelength in a 
second range. Each of the ?rst and second ranges can be at 
least one element that is different from another one of the 
second ranges. At least one ?rst Wavelength Within one of 
the ?rst and second ranges may be a multiple of at least one 
second Wavelength Within another one of the ?rst and 
second ranges. The ?rst Wavelength can overlap With one or 
more certain Wavelengths Where an absorption of the radia 
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tion is effective for changing at least one property of the 
structure. Such certain Wavelengths can include a multiple 
of about 532 nm. 

[0030] These and other objects, features and advantages of 
the present invention Will become apparent upon reading the 
folloWing detailed description of embodiments of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Further objects, features and advantages of the 
invention Will become apparent from the folloWing detailed 
description taken in conjunction With the accompanying 
?gures shoWing illustrative embodiments of the invention, 
in Which: 

[0032] FIG. 1A is an exemplary fetoscopic image of an 
A-V anastomosis before a laser coagulation; 

[0033] FIG. 1B is an exemplary fetoscopic image of the 
A-V anastomosis after the laser coagulation; 

[0034] FIG. 2 is an operational diagram of an exemplary 
embodiment of an apparatus used in operation according to 
the present invention Which implements the SEE procedure; 

[0035] FIG. 3A is an exemplary image of a placenta 
obtained ex vivo With a ?rst exemplary embodiment of the 
SEE apparatus according to the present invention; 

[0036] FIG. 3B is an exemplary color (via gray scale) 
image corresponding to the exemplary image of FIG. 3A; 

[0037] FIG. 4A is an exemplary illustration of a distal end 
of an exemplary embodiment of the SEE apparatus (e.g., 
probe) according to the present invention having, e.g., a 350 
um diameter; 

[0038] FIG. 4B is an enlarged illustration of a diffraction 
grating provided at a tip of the exemplary apparatus shoWn 
in FIG. 4A; 

[0039] FIG. 4C is the exemplary SEE apparatus that is 
illustrated next to a human hair (provided for siZe compari 

son); 
[0040] FIG. 4D is a photograph of the SEE apparatus 
provided Within, e.g., a 23-gauge stainless steel hypodermic 
tube Which can be used for applications Where the probe is 
delivered through a needle; 

[0041] FIG. 5A is an exemplary SEE image of a metastatic 
ovarian cancer in vivo, Where tumor nodules are shoWn on 
a parietal peritoneal Wall of a mouse, according to an 
exemplary embodiment of the present invention; 

[0042] FIG. 5B is a cross-sectional histological section 
from the corresponding area of FIG. 5A, shoWing tumor 
nodules (e.g., H&E stain; original magni?cation 40x), and 
scale bars representing 500 pm; 

[0043] FIG. 6A is an exemplary VIS-NIR image of a 
human placenta, obtained postpartum, reconstructed using 
532 nm and 1064 nm Wavelengths, according to an exem 
plary embodiment of the present invention; 

[0044] FIG. 6B is an exemplary RGB photograph associ 
ated With the image of FIG. 6A, With the bar being indicative 
of 5 mm; 
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[0045] FIG. 7 is a set of exemplary tWo-dimensional 
Doppler SEE images of a dual-channel ?owing Intralipid 
phantom obtained using an exemplary embodiment of the 
present invention; 

[0046] FIG. 8a is a schematic diagram of a measurement 
con?guration, shoWing an exemplary embodiment of the 
SEE apparatus according to the present invention With 
respect to the tube and the How direction; 

[0047] FIG. 8b is a graph illustrating measured (e.g., solid 
curves) and calculated (e.g., dashed curves) cross-sectional 
?oW velocities at the center of the tube shoWn in FIG. 8a; 

[0048] FIG. 80 is a series of exemplary images of a 
tWo-dimensional measurement of the intralipid ?oW across 
the tube at different average ?oW velocities; 

[0049] FIG. 8d is a set of combined How and average 
re?ectance images of, e.g., tWo 0.5 mm diameter tubes With 
similar and opposite ?oW velocities; 

[0050] FIG. 9 is a schematic diagram of an exemplary 
embodiment of a SEE-guided laser therapy apparatus 
according to the present invention; 

[0051] FIG. 10A is a schematic diagram of another exem 
plary embodiment of the SEE arrangement (e.g., probe) 
according to the present invention; 

[0052] FIG. 10B is an exploded vieW of optics at a distal 
end of the exemplary arrangement of FIG. 10A; and 

[0053] FIG. 11 is an exemplary graph of transverse PSFs 
for visible (e.g., green, m=2) and near-infra red (e.g., red, 
m=l) diffracted orders at the image plane (3 cm from probe 
tip). 

[0054] Throughout the ?gures, the same reference numer 
als and characters, unless otherWise stated, are used to 
denote like features, elements, components or portions of the 
illustrated embodiments. Moreover, While the subject inven 
tion Will noW be described in detail With reference to the 
?gures, it is done so in connection With the illustrative 
embodiments. It is intended that changes and modi?cations 
can be made to the described embodiments Without depart 
ing from the true scope and spirit of the subject invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0055] OvervieW 

[0056] An exemplary embodiment of the device/system/ 
arrangement/apparatus according to the present invention 
can include, e.g., a 350-um diameter SEE probe, constructed 
from a dual-clad ?ber. According to this exemplary embodi 
ment, a SEE imaging light can be transmitted through a 
central core, and an innermost cladding Will guide high 
poWer 1064 nm light for vascular coagulation. In addition to 
providing simultaneous therapy, the exemplary system (and 
probe) can obtain color images using tWo separate Wave 
length bands, centered near 532 (VIS) and 1064 nm (NIR). 
Further, a spectral-domain heterodyne interferometry pro 
cedure and arrangement can be implemented to obtain 
three-dimensional images of chorionic plate topology and 
tWo-dimensional Doppler maps of blood ?oW. Provided 
beloW, exemplary results in accordance With exemplary 
embodiments of the present invention are described. 
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[0057] Summary of SEE and Exemplary Apparatus. SEE 
Was developed in 200132 When it Was realiZed that the 
spectral encoding technology that has been developed for 
endoscopic confocal microscopy can provide more resolv 
able points for any given probe diameter than conventional 
?ber bundles.36 An exemplary bench top system Was con 
structed that utiliZed a 850 nm modelocked Ti:Al2O3 laser, 
a 1000 lines/mm transmission grating, and a CCD camera to 
obtain macroscopic images of excised specimens at video 
rates (30 frames per second).32 Using a beam diameter of 
approximately 500 pm, the imaging of a placenta that Was 
obtained postpartum Was demonstrated (as shoWn in FIG. 3). 
The analysis indicated that the technology can be extended 
to increase the number of resolvable points by more than an 
order of magnitude.32 Initial images compared favorably 
With those obtained by conventional fetoscopes With larger 
diameters. 

[0058] Double-clad ?ber SEE Apparatus. Due to a coher 
ent nature of light, SEE images obtained from a single mode 
?ber variably (generally) display speckle noise artifacts. To 
overcome these artifacts, an exemplary SEE imaging system 
can be provided that may illuminate the sample With single 
mode light through the core of a double-clad ?ber and 
collected the remitted light through its innermost cladding.37 
Double-clad ?bers can be obtained from commercially 
available sources. SEE images Which cab be obtained With 
the double-clad ?ber likely indicate a substantial reduction 
of speckle artifact, as Well as an increased depth of ?eld, 
both of Which are highly desirable for endoscopy.37 With an 
appropriate selection of the innermost cladding diameter, 
these advantages can be realiZed Without signi?cant loss in 
transverse resolution.37 

[0059] Heterodyne loW-coherence interferometry for 
three-dimensional SEE procedures. It can be bene?cial to 
facilitate optical loW-coherence interferometry procedures 
for three-dimensional biological imaging.3 8’39 Thus, a place 
ment of the SEE apparatus/probe in the sample arm of an 
interferometer can provide three-dimensional information in 
addition to the standard tWo-dimensional vieW. For example, 
the exemplary SEE probe can be con?gured so that every 
resolvable point on the sample may be illuminated by light 
With a bandWidth sufficiently large to conduct loW coherence 
interferometry at each spot. For small diameter probes, this 
exemplary con?guration can be accomplished Without the 
loss of a transverse resolution. Certain exemplary bench 
have been described for tWo different forms of a heterodyne 
interferometry, e. g., heterodyne speckle pattern subtrac 
tion35 and time-domain loW coherence interferometry.34 
Results obtained from these exemplary con?gurations dem 
onstrates an ability of exemplary SEE procedures and appa 
ratus to provide three-dimensional imaging at near real-time 
rates (e. g., 5 frames per second).34 By leveraging the signal 
to-noise ratio (SNR) advantages of spectral-domain loW 
coherence interferometry, it is possible to illustrate that 
three-dimensional images can be obtained at video rates.33 

[0060] Exemplary 350-um diameter SEE apparatus/probe. 
For example, to reduce the siZe of the exemplary SEE 
apparatus/probe, an exemplary diffraction grating can be 
incorporated directly onto the tip of an optical ?ber. The 
exemplary grating can provide a high diffraction ef?ciency, 
may be robust to extremely high optical poWer densities, and 
likely be compatible With aqueous environments. Exemplary 
images of the exemplary embodiment of the SEE apparatus/ 
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probe 400 according to the present invention is shown in 
FIGS. 4A-4D.33 For example, as shoWn in FIG. 4A, light 
from a single-mode ?ber 405, expanded through a 1.8 mm 
long silica spacer 410, can be focused by a 350 um diameter 
GRIN lens 415. Light from the lens 415 can then be 
diffracted by a 1000 lines/mm transmission grating 425 
fabricated on a 1.5 mm long spacer 420 that can be polished 
at LittroW’s angle of, e.g., about 19°. An expanded vieW of 
the diffraction grating 425 is shoWn in FIG. 4B. An exem 
plary maximum diameter of the exemplary apparatus/probe 
400 can be about 350 um; e.g., a siZe comparison betWeen 
the exemplary apparatus/probe 400 and a human hair 430 is 
shoWn in FIG. 4C. Since the exemplary apparatus/probe 400 
can be constructed from a single optical ?ber, it may be very 
?exible, With a bending radius of approximately 2 mm, 
except Within ~3.5 mm of the distal end. 

[0061] SEE in vivo using the 350 um diameter probe. To 
demonstrate the exemplary SEE procedures and applications 
according to exemplary embodiments of the present inven 
tion in vivo, it is possible to image, e.g., metastatic ovarian 
tumors on the parietal peritoneum of a living mouse.33 The 
exemplary 350 um diameter SEE apparatus/probe 400 can 
be delivered into the abdominal cavity using a miniature 
laparoscopic through, e.g., a modi?ed 23-gauge needle 440 
(as shoWn in FIG. 4D). A small opening can be made in the 
needle Wall, near its distal end, for the light to pass through. 
The opening can be sealed With a clear 6-p.m thick layer of 
transparent plastic. A three-dimensional image of the pari 
etal peritoneal Wall, obtained With the SEE apparatus/probe 
in vivo, is shoWn in FIG. 5A. In this exemplary image, the 
tWo- and three-dimensional data sets can be combined to 
form a three-dimensional surface vieW of the tissue. A large, 
approximately 1 mm><1 mm><0.2 mm super?cial tumor nod 
ule can be seen near the center of the frame adjacent to tWo 
smaller 300><300><100 um tumor nodules. 

[0062] Differentiating arteries from veins. In order for the 
user (e.g., surgeon) to identify A-V anastomoses, the exem 
plary apparatus (e. g., a microendoscope) can provide images 
With suf?cient information to distinguish placental arteries 
from veins. In the placenta, arteries can be differentiated 
from veins by: i) color, ii) pulsatility/?oW characteristics, 
and iii) a three-dimensional anatomic con?guration, as arter 
ies cross over veins on the chorionic plate.4O By providing 
information on all three of these features, the exemplary 
embodiment of the SEE arrangement/device/system/appa 
ratus/probe according to the present invention can facilitate 
the identi?cation of more communicating vessels than the 
conventional tWo-dimensional procedure. As indicated 
herein, the exemplary SEE procedures and apparatus are 
capable of performing three-dimensional imaging. Provided 
beloW is a description of exemplary information in support 
ing the implementation and use of the exemplary embodi 
ments of the procedures and apparatus for obtaining color 
and blood ?oW image data according to the present inven 
tion. 

[0063] Exemplary Color imaging using 1064 and 532 nm 
light. Conventionally, SEE imaging has been monochro 
matic; broadband light centered at 850 nm has been used 
merely for encoding spatial information. The exemplary 
embodiments of SEE procedures and apparatus according to 
the present invention described herein can obtain color 
information by using tWo distinct Wavelength bands, e.g., 
one centered near 1064 nm (N IR) and the other near 532 nm 
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(V IS). This exemplary selection of Wavelength regions can 
be appropriate since, the NdzYAG therapy beam may over 
lap With the ?rst and second order of the NIR and VIS 
imaging beams, respectively. In addition, the differential 
absorption of oxygenated and deoxygenated adult and fetal 
blood at VIS and NIR can be similar to that of the green and 
red Wavelength bands used in standard RGB color imag 
ing.4r-43 
[0064] To demonstrate the feasibility of artery and vein 
discrimination using the exemplary embodiments of the 
present invention, a placenta has been imaged, obtained 
immediately postpartum, With 1064112 nm, 532:5 nm, and 
RGB light. A linear ?lter Was ?rst applied to the 1064 nm 
image data to remove noise. A VIS-NIR image (shoWn in 
FIG. 6A) Was then generated by placing the 1064 nm image 
in the red channel and the 532 nm image in both the green 
and blue channels of a neW 24-bit color image. No other 
manipulations other than contrast enhancement Were made 
to the VIS-NIR image of FIG. 6A. The corresponding 
exemplary RGB image (in gray scale) is shoWn in FIG. 6B. 
By comparing the tWo images of FIGS. 6A and 6B, it is 
apparent that both have suf?cient contrast to differentiate 
larger vessels, likely containing deoxygenated blood (shoWn 
as arroWheads 610) from smaller overlying vessels possibly 
containing oxygenated blood (shoWn as arroWs 620). The 
smaller vessels are dark in the VIS-NIR image and darker in 
the image (red in a color image), Which may be because of 
the absorption ratio of deoxygenated to oxygenated blood 
?ips at the isosbestic point (~800 nm).43 An understanding 
the color of blood vessels may be a complex task.41 Nev 
ertheless, these exemplary results indicate that images 
obtained at such tWo Wavelength regions can provide suf 
?cient information to distinguish arteries from veins. 

[0065] Doppler SEE demonstration. In addition to obtain 
ing three-dimensional information, exemplary SEE hetero 
dyne interferometry procedures, conducted at each Wave 
length-encoded point on the sample, are capable of 
measuring the Doppler shift caused by blood ?oW. In order 
to demonstrate the feasibility of exemplary Doppler SEE 
procedures, a simple phantom has been produced, compris 
ing a 1.0 mm diameter tube, looped back onto itself and 
af?xed to a microscope slide. This phantom con?guration 
can ensure that the exemplary SEE image may include tWo 
adjacent tubes With similar ?oW rates, With opposite ?oW 
directions. The tube Was perfused With 10% Intralipid, 
Which has a transport scattering coef?cient similar to that of 
Whole blood. FloW velocities Were varied from about 0-60 
mm/s, representing the approximate range of blood ?oW 
velocities that Would be observed in a second trimester 
placenta and in TTTS.44 Heterodyne spectral-domain SEE 
imaging of the phantom Was conducted using our 350 um 
diameter probe.33 The spectral interferograms Were pro 
cessed using WindoWed short-time Fourier transforms to 
obtain local fringe magnitudes and phases.33’34 Doppler 
shifts at each point in the image Were estimated by com 
paring the local phases of tWo adjacent spectrally-encoded 
lines. TWo-dimensional ?oW maps (differential phase 
images) of the phantom (as shoWn in a set of exemplary 
images of FIG. 7) demonstrate that the exemplary hetero 
dyne SEE procedures and apparatus may track the How rate 
and direction throughout the entire velocity range. In par 
ticular, FIG. 7 shoWs ?oW directions (e.g., arroWs) being 
along the horizontal dimension and How velocities are 
shoWn at the top of each image (e.g., the exemplary images 
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demonstrating a relationship between interferometric phase 
and ?oW velocity/direction, and differential phase magni 
tudes (a.u.) being plotted using a color Doppler lookup table 
depicted in the color bar). 

[0066] The exemplary embodiments of the SEE proce 
dures and apparatus can also detect the ?oW at depth Within 
scattering media and tissue. In order to demonstrate the 
ability of the exemplary SEE procedures and apparatus to 
image and measure ?oW, 1% intralipid may be circulated 
through a 1 mm diameter transparent tube. For example, the 
SEE beam can illuminate the tube as illustrated in FIG. 8a. 
Since the exemplary SEE procedures and apparatus can 
image through scattering medium [11], the X-Z re?ection 
data, When acquired as a function of time, can include 
information on the ?oW of scatterers throughout the entire 
cross section of the tube. The ?oW velocity and direction 
may be controlled by a peristaltic pump and its average 
value can be estimated by measuring the total volume that 
Was ?oWing through the tube as a function of time. At 
average velocity of 6.6 mm/s and 20 mm/s ?oW velocity 
may shoW an inverted parabolic distribution, approaching 
Zero at the tube Walls. With the increase in pump speeds 
(average velocities of 30-40 mm/s), phase changes at the 
tube center became faster than the camera line rate (30 kHZ), 
resulting With high error rates. An exemplary graph of a ?oW 
velocity pro?le at the center of the tube is shoWn in FIG. 8b 
for three different poWers of the peristaltic pump. The solid 
curves represent the measured velocities calculated from the 
raW data according to Eq. 1. 

Where k(x) is the Wave number and 6 denotes the angle 
betWeen the SEE beam propagation and the direction of 
sample motion. 

[0067] The experimental data can be ?tted With parabolic 
formulas: 

Where R=0.5 mm denotes the tube radius. The ratio betWeen 
the average ?tted velocities can be l:2.6:4.4, Which is in 
agreement With the measured average ?oW ratios of l:3:4.5. 
An absolute value of the ?oW velocities may be di?icult to 
obtain due to the relatively high uncertainty level in mea 
suring the angle 6, Which can be estimated to be in the range 
of about 80°§6<90°. A set of exemplary images of the tWo 
dimensional (x-Z) distributions of ?oW velocity across the 1 
mm diameter tube are shoWn in FIG. 80 for different pump 
poWers. Without any pumping, FIG. 8c shows that the phase 
may ?uctuate randomly and no ?oW Was detected (e.g., left 
most image). At average velocity of 6.6 mm/s and 20 mm/s 
the ?oW velocity distributions can provide tWo-dimensional 
parabolic distributions With higher velocity in the center of 
the tube, approaching Zero at the tube Walls. Phase error at 
the tube’s center may cause loss of data at higher ?oW 
velocities. Nevertheless, the ?oW pro?le may be estimated 
by ?tting the parabolic curves to the areas closer to the tube 
Walls, Where ?oW is sloWer. 

[0068] In addition to imaging ?oW speeds and direction, 
the exemplary embodiment of the SEE procedures and 
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apparatus can additionally provide re?ectance imaging of 
the tubes. To demonstrate simultaneous re?ectance and ?oW 
imaging, tWo adjacent, 0.5 mm diameter transparent tubes, 
With similar but opposite ?oW directions, Were imaged at 30 
frames per second (30 kHZ line rate). In the three exemplary 
images of in FIG. 8d, the intensity of each pixel represents 
the total re?ectance, integrated over depth, and the color 
represents velocity, averaged over the tube’s depth. With no 
pumping, the ?oW Was likely random, resulting in purple 
hue in both tubes. With the average ?oW velocity of 5 mm/ s 
in each tube, estimated by measuring the intralipid volume 
accumulated per 20 seconds, the different colors represent 
ing ?oWs can be seen, With red [lighter] and blue [darker] 
hues corresponding to the ?oW in the right (left) direction. 

[0069] Exemplary Design and Procedures 

[0070] Exemplary Design 

[0071] Placental laser coagulation therapy using 1064 nm 
light can be highly effective for interrupting tWin-tWin blood 
?oW, but hampered by the large siZe of modern operative 
fetoscopes and their inability to image all communicating 
vessels. The exemplary embodiments of the procedures and 
apparatus according to the present invention can overcome 
these limitations by being signi?cantly smaller and by 
providing more options for identifying A-V anastomoses. A 
?rst one of the exemplary objects indicated above can be 
focused on providing and testing an exemplary multifunc 
tional SEE instrumentation of the exemplary SEE apparatus 
and procedure according to the present invention, combined 
With coincident high poWer laser irradiation. For a second 
one of the exemplary objects indicated above, 350 um 
diameter exemplary SEE microendoscopes can be provided, 
integrated With the apparatus Which can be implemented for 
the ?rst one of the exemplary objects, and tested in phan 
toms and human tissue ex vivo. It is possible to use such 
exemplary procedures and arrangements, e.g., in a 10 preg 
nant eWes to demonstrate the feasibility of SEE-guided laser 
coagulation through an amniocentesis needle in vivo (see 
exemplary object 3). 

[0072] Exemplary Procedures and Arrangements 

[0073] Exemplary capabilities of the exemplary embodi 
ment of the SEE-guided laser therapy apparatus according to 
the present invention can include, e.g., (a) high quality 
tWo-dimensional imaging, (b) three-dimensional, color, and 
Doppler imaging to identify A-V anastomoses, and (c) 
simultaneous laser therapy. In this Aim, We Will construct a 
bench top exemplary SEE apparatus that can be used to 
design, implement, and validate di?ferent technical 
approaches for achieving these capabilities. The exemplary 
system can additionally be used to test and validate exem 
plary SEE probe con?gurations for the second exemplary 
object. 

[0074] SEE illumination. A schematic diagram of one 
exemplary embodiment of the SEE apparatus according to 
the present invention is shoWn in FIG. 9. The exemplary 
components of the exemplary system of FIG. 9 are as 
folloWs: WDMiWavelength division multiplexer 900, 
BSibeam splitter 905; MMimultimode, SMisingle 
mode, SMFisingle mode ?ber, MM/SMimultimode/ 
single mode splitter 910, PCipolariZation controller 915, 
DCF4dual-clad ?ber 920; Mimirror 925, DMidichroic 
mirror 930, VISibroadband light centered around 532 nm 
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935, and NIRibroadband light centered around 1064 nm 
940. For example, light generated by a continuum source 
945 can be ?ltered by a ?lter apparatus 947 to transmit 
broadband VIS (centered near 532 nm) and NIR (centered 
near 1064 nm) radiation. For three-dimensional and Doppler 
imaging, a small fraction of light can be directed toWards a 
reference arm mirror 950. The remainder of the light can be 
transmitted through a single/multimode splitter 910, Which 
can comprise a mirror With a central transparent opening that 
transmits single mode light and re?ects multimode light. 
Following the transmission through the single/multimode 
splitter 910, the imaging light can be coupled to the core of 
the dual-clad ?ber (DCF) of the SEE apparatus/probe 955. 

[0075] Exemplary Bench top sample arm probe. The 
exemplary sample arm probe can include the DCF, termi 
nated by a lens and grating. In order to obtain a tWo 
dimensional image, “sloW axis” scanning can be performed 
using a galvanometer attached to the grating. This exem 
plary con?guration can facilitate the testing of various 
approaches for color and Doppler imaging as Well as probe 
components prior to the ?nal microendoscope fabrication 
step. The exemplary SEE apparatus/probes can be incorpo 
rated into the exemplary system according to the present 
invention, e.g., for testing and other purposes. 

[0076] Exemplary SEE detection. Following the re?ection 
from the sample, light returned from the dual-clad ?ber core 
and reference mirror can be recombined by the beam splitter 
910 and separated into Wavelength bands of the VIS 960 and 
NIR 965 using, e.g., a Wavelength division multiplexer 900 
or dichroic beam splitter. Each Wavelength band can be 
detected by separate custom-built spectrometers, designed to 
measure spectral interferograms for 3D and Doppler ?oW 
map reconstructions. For a spectral detection, the VIS spec 
trometer 960 can utiliZe a high-speed Silicon linear CCD 
array While the NIR spectrometer 965 can employ an 
InGaAs linear array.45’46 In order to obtain three-dimen 
sional information, the spectral resolutions of the spectrom 
eters can be approximately 5-10 times greater than the 
spectral resolution on the sample. Thus, linear array detec 
tors can over-sample the spectral data so that approximately 
5-10 pixels may be digitiZed for each resolvable point.33 

[0077] Exemplary Image reconstruction. TWo-dimen 
sional, three-dimensional, Doppler, and color (V IS & NIR) 
SEE images can be obtained by computing WindoWed 
short-time Fourier transforms of the background-corrected 
spectral fringe data.33’34 The tWo-dimensional image may be 
determined and/or generated based on, e.g., at least in part, 
the integrated poWer of the local Fourier spectra for each 
point. Color images can be generated by transforming the 
VIS and NIR SEE images into RGB space. While the VIS 
and NIR images can be co -registered and may have the same 
physical dimensions, the pixel density of the NIR image can 
be one-quarter that of the VIS image. The NIR image may 
therefore be interpolated prior to generation of the compos 
ite color image. Determining quantitative estimates of blood 
oxygenation content can also be analyZed using, e.g., tWo 
and three-dimensional data sets at both Wavelengths.47'49 

[0078] The spectral poWer density of the continuum 
source can be, e.g., signi?cantly higher than that of the 
source utiliZed in our preliminary studies. Thus, ample light 
can be provided to conduct shot-noise limited, depth 
resolved spectral-domain loW coherence interferometry at 
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each point in the image.50 Re?ectance as a function of depth 
Within the tissue can be obtained from the magnitude of the 
local Fourier data. Phase dithering of the reference arm 
mirror may be used to eliminate or deduce depth degen 
eracy.51’52 As a result, one line in the image can be generated 
from tWo linear array scans, Where each scan may be 
acquired at a ~J'lZ/2 differential reference arm phase delay.33 
Doppler information can be obtained by determining the 
relative difference betWeen Fourier domain phases at each 
location Within tissue.“5’53’54 

[0079] Multimode imaging. Such exemplary embodiment 
of the system according to the present invention can also 
provides a speckle-reduction, Which may be implemented by 
acquiring SEE images through the multi-mode inner clad 
ding of the DCF.37 To conduct multimode imaging, VIS light 
returned from the probe’s innermost cladding may be 
re?ected off the single/multimode splitter 910 and directed 
to another Silicon array spectrometer 970, Which can be 
optimiZed for a multimode detection. 

[0080] Exemplary Imaging system performance. For at 
least one of the exemplary embodiments of the small diam 
eter probe/ apparatus according to the present invention, the 
VIS Wavelength band can provide 300 resolvable points 
across the image, resulting in a total tWo-dimensional pixel 
count of 3002=90,000, Which is greater than that of com 
mercially available fetoscopes With an order of magnitude 
larger diameter. At NIR Wavelengths, the pixel count may be 
loWer, approximating 22,500. Approximately 10 discrete 
axial locations can be obtained at each point, resulting in a 
total pixel count of 300x300><10z900,000 in the volumetric 
images. For this example, axial resolutions for both the VIS 
and NIR channels can be ~280 pm. After resolving depth 
ambiguity, the total depth range can be approximately 3 mm 
for each Wavelength region. If necessary for this application, 
greater depth ranges can be achieved by use of linear CCD’s 
With higher pixel counts. The Atmel Silicon camera can 
sample 60,000 lines per second, Whereas the InGaAs camera 
may generally operate at a line rate of 10 kHZ. As a result, 
volumetric image data can be acquired at video rates for both 
VIS and NIR Wavelengths. 

[0081] Integrated laser therapy. The exemplary embodi 
ment of the SEE-guided laser therapy system, apparatus and 
procedure according to the present invention can integrate a 
therapeutic laser such as a Nd:YAG laser 975, thus meeting 
clinically-established speci?cations for the coagulation pro 
cedure. An operator-controlled pushbutton sWitch can acti 
vate a shutter that may remain open for 0.1 seconds every 
time the sWitch is activated. 

[0082] DigitiZation, storage, and display. Cameras can 
communicate to the host CPU via high-speed interfaces such 
as Camera Link. Assuming that exemplary highest 16-bit 
acquisition rates can be used for each camera, the total data 
rate may be approximately 310 MB/s, Which is Within the 
Camera Link DMA speci?cation. For example, raW data can 
be stored in real time to a RAID array at rates such as 350 
MB/ s. A computing arrangement according to the can pro 
cess the interferograms and display the exemplary resulting 
images. Since real-time complex FFT processing can be 
used to process and display all SEE images at video rate 
(e.g., 30 fps). 


















